ABSTRACT
Introduction
C1q, the recognition subunit of the classical complement pathway, is a multifunctional protein involved in a great number of immunological processes (1) . It is a complex glycoprotein, composed of 6 copies of three different polypeptide chains (A, B and C). Each chain has an amino-terminal collagen-like fragment and a carboxy-terminal globular head region. The globular head regions combine to form a heterotrimeric globular head domain (gC1q) (2) . Recently the gC1q has been crystallized and its structure was resolved at 1.9Ǻ resolution. According to (2) gC1q has a compact, spherical assembly with a jelly-roll topology.
The molecular basis of the functional diversity of C1q is its ability to recognize a broad range of ligands via the gC1q region.
One of the most important ligands of C1q is the human C-reactive protein (CRP), a major acute phase protein, which plays a crucial role in keeping the tolerance to selfstructures (4, 5) . The crystal structure of this protein reveals a flattened jelly-roll appearance of all five subunits. The CRP binds phosphatidylcholine by its "recognition face" and C1q by the opposite, "effector face". The C1q-binding site seems to be located near the central pore of the pentamer's "effector face" (6) . Using computer simulation Gaboriaud et al., 2003 (2) have suggested that C1q binds CRP via its apex, with the participation of all three chains.
The aim of the present study is to verify this hypothesis and to evaluate the contribution of the C1q A-, B-and C-chains in the interaction with CRP.
Materials and Methods

Buffers
Sodium carbonate (SC) buffer (0.035M NaHCO 3 , 0.015M Na 2 CO 3 , pH 9.6); citrate-phosphate buffer (0.05M Na 2 HPO 4 , 0.025M citric acid); phosphate buffered saline (0.01M Na 2 HPO 4 , 0.01M NaH 2 PO 4 , 0.145M NaCl, pH 7.4, 0.05% Tween 20 (TPBS); citrate-phosphate buffers for pH range 3.0÷8.0, (0.05M sodium citrate, 0.05M Na 2 HPO 4 , 0.14M NaCl, 0.05% Tween20), and for pH-range 3.0 -8.5 (0.02M Na 2 HPO 4 , 0.01M citric acid, 0.145M NaCl, 0.05% Tween 20), sodium carbonate buffer for pH-range 8.5 -12.0 (0.05M NaHCO 3 , 0.05M Na 2 CO 3 , 0.14M NaCl, 0.05% Tween20).
Purified proteins
The recombinant globular head regions of the A-, B-and C-chains were expressed as fusion proteins with Maltose Binding Protein (MBP). The purification of the expressed proteins was performed as in (7), using affinity chromatography on amylose resin. The purity of the proteins was detected by standard SDS-PAGE.
Biotinylation of the proteins was carried out as in (7) . Solid phase binding assays For the direct binding assay ELISA-plates were coated with or CRP (0.5µg/ 100µl) in SC buffer, blocked with 1% BSA in PBS for 1 h at 37°C, and incubated overnight at 4°C with increasing concentrations of rghA, rghB or rghC, respectively. The plates were developed with mouse anti-MBP antibodies and anti-mouse IgG, conjugated with HRP (horse-radish peroxidase). OPD substrate system was used. When biotinylated rghA/B/C were used, the interaction was visualized by ExtrAvidine-AP detection system.
For the pH-scanning CRP-coated ELISA plates were incubated at different pH-values with 1µg/100µl rghA, rghB or rghC in citrate-phosphate buffer for the pH-range 3.0-8.0 or in carbonate buffer for the pHrange 8.0-12.0. The plates were then developed as described above.
Results and Discussion
The successful expression of the recombinant globular head fragments of C1q in E. coli allows us to investigate the interaction of CRP with the individual recombinant rghA, rghB or rghC fragments by ELISA (Fig. 1) . The obtained results indicate that all the three C1q globular head fragments bind CRP in a dose-dependent manner. The strongest binding was observed for rghB, followed by rghA and rghC. The leading role of the B-chain in the CRP-binding seems reasonable, because it is the most positively charged C1q-chain, and can largely contribute to the recognition of the negatively charged "effector face" of CRP.
Furthermore the pH-dependence of the CRP-gC1q interaction was studied. The CRP-binding of all three recombinant proteins in a wide pH-range demonstrates typical bell-shaped, sigmoid (HendersonHasselbach types) curves with the following inflexion points: for rghA ~ 4.2 and 5.5, for rghB ~ 3.7, 6.1 and 9.0, and for rghC ~ 4.3 and 6.5. The three curves significantly differ from one another (Fig. 2) , which lead us to the conclusion, that different amino acid residues from the three chains take part in the formation of the CRP-binding site. The curves emphasize the electrostatic nature of the interaction between C1q and CRP. Acidic residues from CRP were reported to be involved in this process (e.g. Asp 112 ) (6) . So the positively charged Arg or/and Lys from C1q are putative candidates for participation in the interaction. According to the docking model (2) CRP. Considering the fact, that no His residues are present on the rghA-apex, the value of the inflexion point (~5.5) may be due to the ionization of Glu, which has a shifted pKa in the complex. Another possible explanation is that the charge potential in the contact area mimics ionization of His, due to interaction of several charged residues.
The contribution of Lys from the B-chain was investigated by comparing the CRPbinding capacity of biotinylated and nonbiotinylated rghB. Both have almost overlapping curves in the alkaline region (pH 8-12) (Fig. 3) . The inflexed points ~ 9.5 could correspond to pKa of Tyr from the Bchain, or could result from the ionization of Lys in a highly acidic environment. According to the docking model (2) a possible contact residue could be TyrB 175 , which can interact with another Tyr from CRP. Considering that no contact Lys residues from CRP are implicated in the C1q-binding, we tested the possible contribution of Lys from rghB in the interaction with CRP. Biotinylated rghB demonstrates only a slight decrease (up to 15 %) in its CRPbinding activity, indicating that Lys from the rghB is not very important for the recog- nition of this ligand. These results lead us to two main conclusions: i) it is very likely that Tyr from the rghB plays a crucial role in the interaction with CRP; ii) probably one Lys residue from the rghB is involved in the CRP-binding. Participation of more than one Lys dos not seem to be lileky. Using the computer program ConSurf (1) conservative and variable amino-acid residues within gC1q were recently identified. TyrB 175 and LysB 202 are among the most variable residues, thus they are most likely promising candidates for participation in the CRP-binding. Analysis of the CRP-binding activity of single residue mutants (TyrB 175 and LysB 202 ) are now in progress in our laboratory.
In conclusion -our results demonstrate the participation of all the three C1q-chains in the interaction with CRP and the leading role of the B-chain in this process. This study provides the first experimental evidence for the participation of Tyr and Lys residues from the individual C1q-chains in the formation of the CRP-binding site within gC1q, thus confirming the predictions of Gaboriaud et. Al. (2). 
